Classification and elimination of overlapped entities in DXF files  by Atia, M.R.A.
Ain Shams Engineering Journal (2014) 5, 851–860Ain Shams University
Ain Shams Engineering Journal
www.elsevier.com/locate/asej
www.sciencedirect.comMECHANICAL ENGINEERINGClassiﬁcation and elimination of overlapped entities
in DXF ﬁles* Tel.: +20 1221008346.
E-mail addresses: mrostom1@aast.edu, mrostom1@yahoo.com.
Peer review under responsibility of Ain Shams University.
Production and hosting by Elsevier
2090-4479  2014 Production and hosting by Elsevier B.V. on behalf of Ain Shams University.
http://dx.doi.org/10.1016/j.asej.2014.03.005M.R.A. Atia *Faculty of Engineering, Arab Academy for Science and Technology and Maritime Transport, Sheraton, Cairo, EgyptReceived 15 July 2013; revised 9 December 2013; accepted 25 March 2014
Available online 26 April 2014KEYWORDS
CAD;
DXF;
Overlapped entities
eliminationAbstract Computer aided engineering; design, drafting and manufacturing, software packages are
widely used in modern industry. The product development cycle, from idea to manufacturing, goes
through different stages using different computer aided programs. These programs exchange a lot
of information in different formats. One of these formats is 2D drawing in DXF standard format.
The exchanged ﬁles suffer from overlapped entities and different interpretation for entity formats.
This paper emphasizes on the sources of this problem and its negative effects. Moreover, it intro-
duces software for eliminating the overlapping entities and re-classiﬁcation of them. In addition, the
paper explains the algorithms, which are encapsulated in the software.
 2014 Production and hosting by Elsevier B.V. on behalf of Ain Shams University.1. Introduction
The dependence of modern industries on computer aided engi-
neering (CAE) software packages has rapidly growth. The role
of these packages varies from solid modeling, drafting, simula-
tion, performing calculations, and optimization to manufac-
turing [1]. In reality, there is no one package can perform all
these tasks. Therefore, the product development stages are
carried out using a number of software packages and a large
number of cooperative operators. Therefore, data exchange
between different packages is an important task in this process
[2]. Data are exchanged in the form of computer ﬁles. To
enhance the communication between packages, a number ofstandard ﬁle format are used such as DXF, IGES, PDF, and
others [3,4]. Although these ﬁle formats are readable among
different packages, in some cases the contained information
are misleading or not suitable to the recipient package.
DXF format is widely used among CAE packages [5,6]. It
manipulates drawing entities in 2D and 3D. The DXF ﬁle is
a text ﬁle contains information about every drawing entity.
This information includes the geometric and drawing format
of the entity. The reconstruction of the entities geometry gen-
erates the original drawing. The DXF ﬁle is generated from 2D
drawing as in AUTOCAD package or from 3D model as in
INVENTOR or SOLIDEDGE packages. In addition, it can
be exported to most 2D and 3D modeling packages, analysis
packages as ANSYS and computer aided manufacturing
(CAM) packages.
A number of researches focused on the using DXF ﬁles in
many advanced applications. Cayiroglu [7] and Tanakaa
et al. [8] developed methods to generate 3D models of pris-
matic machine parts using DXF ﬁle of 2D technical drawings.
Meeran and Taib [9] developed a feature recognition system
from 2D drawing in DXF format. Gong et al. [10] developed
852 M.R.A. Atiaa methodology to construct 3D wire frame from orthographic
views. Automatic generation programs of G code for CNC
machines were developed by a number of researchers [5,11].
In these programs, the DXF ﬁle carries data between computer
aided drafting (CAD) ﬁle and G code generator. Kou and Tan
[12] introduced the DXF ﬁle as information base to connect
the part geometric model and the ﬁnite element analysis
package.
The citation of the previous researches shows that the
manipulated DXF ﬁle should be based on ideal drawing.
The ideal drawing should be clear from overlapping entities
and follows restricted formats [13,14]. This is because overlap-
ping entities in DXF ﬁle lead to many deﬁciencies. Overlap-
ping entities do not give more information to the drawing;
therefore, they are redundant information. Unnecessary infor-
mation increases ﬁle size especially when it is imported from
3D model. Huge ﬁles cause difﬁculty in manipulation and stor-
ing. This leads to time loss and over costing, which affect prod-
uct development operation.
Moreover, in some packages, the overlapping entities cause
malfunction in some modules. For example, importing DXF
ﬁle with overlapping entities, in sketching module of most
3D modeling package, causes failure in 3D model generation.
As another example, CAM packages, which are used for CNC
ﬂame cutting machines, depend on imported DXF ﬁles to gen-
erate G code. The overlapping entities cause failure in code
generation. Moreover, segmented entities interrupt the motion
continuity and increase the G code ﬁle size, which effect on the
limited memory size of CNC controller.Figure 1 Flowchart of overlapping elimination algorithm of
point entities.However, there are many sources of overlapping entities
and format variation that make the DXF ﬁle far from ideal
condition. These sources are summarized as follows:
1. Bad drawing habits: some operators draw several over-
lapped entities, such as lines and circles. They does not care
to remove this overlapping specially in huge drawings and
shared drawings, which developed by a number of opera-
tors. Some operators do not use consistent formats to give
meaning to the entities such as line type and color for center
lines.
2. Block insertion: Blocks are important complex entities.
They reduce time, effort and usage of occupied memory.
The blocks are developed locally by the operator, extracted
from ﬁles developed by others or downloaded from compo-
nents manufacturer internet sites. Complex drawing, which
includes blocks and other entities, have overlapping enti-
ties. Obviously, blocks from different sources use different
format for the same type of entities.
3. Importing drafts: 3D modeling packages generate 2D drafts
for parts and assemblies. In these drafts, the overlapping
entities and entity segmentation are common with large
number. Moreover, each package generate different format
to give meaning for entities.Figure 2 Flowchart of overlapping elimination algorithm of line
type entities.
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The overlapping entities and various entity formats in DXF
ﬁles cause many problems during ﬁle manipulation among var-
ious computer packages. The current research objective is to
develop software for eliminating the overlapping entities from
DXF ﬁle and to unify the formats of the entities in categories
with predeﬁned notations. This will enhance the DXF ﬁle qual-
ity and reduce its size. The software is developed using MAT-
LAB package [15]. Through this paper, the handling
methodology of DXF ﬁle is clariﬁed in Section 3 and algo-
rithms of eliminating overlapping entities are explained in Sec-
tion 4. The developed software is presented in Section 5. Every
algorithm is tested using prepared DXF ﬁles to show its effec-
tiveness in overlapping entities elimination and uniﬁcation of
entities formats. Then, the developed software is tested using
real industrial DXF ﬁles and the ﬁle size reduction is used as
proof for software efﬁciency. The details of tests and results
are shown in Section 6. Section 7 shows the conclusion of this
research.
3. Handling methodology of DXF ﬁle
DXF ﬁle is a text ﬁle, in which the code is arranged in several
sections. These sections contain the required information to
reconstruct the original drawing with dimensions and formats
[16]. DXF ﬁle text is composed of pairs of codes and their asso-
ciated values. The codes, known as group codes, indicate theFigure 3 Flowchart of overlapping elimination algorithm of
circle type entities.type of value that follows. The ﬁrst section is HEADER sec-
tion, which contains general information about the drawing
such as system variables. The next section is CLASSES sec-
tion, which holds the information for application-deﬁned clas-
ses. No processing is intended to these two sections in this
research.
TABLES section contains deﬁnitions for symbol tables
such as line type table and layer table. In engineering drawing,
line type carries information about the role of entity in the
drawing [7]. The line type table can contain a lot of line types;
each of them has a different notation. In the present research,
for each line type, a new layer is generated. Later, any entity
will be moved to layer, which is associated with its line type,
whatever its other formats. This reduces the number of layersFigure 4 Flowchart of overlapping elimination algorithm of arc
type entities.
Figure 5 Developed program user interface.
Figure 6 Flow chart of the developed software.
854 M.R.A. Atiain the ﬁle. Moreover, it eliminates the information related to
special format such as color and line thickness from entity
description section. In addition, gathering entities with the
same line type in one layer makes it easier to modify or format
them.
ENTITIES section contains the graphical entities in the
drawing such as line, circle, arc, etc. Every entity is stored as
a block of lines containing information about its type, format,
and geometry. In the present research, the format of the entity
line type is used to assign the entity to the associated layer. The
geometrical information is used to eliminate the overlapping.
This is accomplished by combining the overlapped entities,
which have the same type and line type, in a single entity.
The current research considers four entities, which are POINT,
LINE, CIRCLE and ARC. These entities are usually used in
cited researches [7,17].
Other sections, BLOCKS, OBJECTS and THUMBNAIL-
IMAGE, are out of scope of this research.
4. Algorithms of eliminating overlapping entities
DXF ﬁle, as 2D drawing, contains several entity types. Some
of them are simple such as point, line, circle and arc, as well
as complex entities such as poly line, sp-line and block. The
majority of drawing entities are of simple type. Even some
complex entities such as blocks consist of simple type entities.
Therefore, the current paper focuses on eliminating overlap-
ping of simple entities. Every entity type is treated with an
associated algorithm. The next sections show these algorithms
in details.
4.1. Point type entity
Eliminating the overlapping of point type entities is a simple
case. The ENTITIES section of the DXF ﬁle is scanned then
handle, X and Y coordinates of points are collected matrix
form. This matrix is sorted based on X value then Y value.
If the checked point has the same X and Y values as the previ-
ous one, with predeﬁned tolerance, then the repeated one is
eliminated from the matrix. Then the next point is checked.
The sorting of points reduces the number of trials. By the
end of this process, the point matrix is clear from repeated
points. The X and Y coordinates in the matrix are used to gen-
erate point entities in layer called point layer. Fig. 1 shows the
ﬂowchart of overlapping elimination algorithm of point
entities.
Figure 7 Snapshot of DXF ﬁle contains overlapped lines with different properties.
Table 1 Extracted properties of original line entities.
Handle Line Type Color X start Y start X end Y end Slope Y intersect
L8 4585 22 1 227.06 68.50 332.27 101.78 0.316 3.331
L2 4584 1020 82 147.19 43.23 252.41 76.52 0.316 3.331
L9 4586 1020 82 332.27 101.78 437.48 135.06 0.316 3.331
L10 4604 1020 5 374.04 114.99 479.25 148.28 0.316 3.331
L11 4587 118 170 490.09 151.71 595.31 184.99 0.316 3.331
L12 4600 118 6 516.23 159.98 572.68 177.83 0.316 3.331
L5 4351 22 7 370.42 271.60 418.22 306.54 0.731 0.925
L4 4121 22 7 348.28 255.43 437.38 320.53 0.731 0.925
L6 4483 118 170 250.00 183.61 339.10 248.72 0.731 0.925
L3 4120 22 7 214.63 157.76 303.73 222.87 0.731 0.925
L7 4119 22 1 125.53 92.65 214.63 157.76 0.731 0.925
L1 4118 22 7 57.90 43.23 147.00 108.34 0.731 0.925
Figure 8 Snapshot of DXF ﬁle contains reduced lines with predetermined properties.
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Line is the most used entity in engineering drawing. Therefore,
most overlapping occurrences are due to lines. The lines can befully or partially overlapped or even connected at end point.
However, line types have different meanings such as continu-
ous, dashed and centerline. The used rule is continuous and
centerlines are basic lines. Thus, they are never merged with
Table 2 Extracted properties of reduced line entities.
Handle Line type Color X start Y start X end Y end Slope Y intersect
L4 4119 1020 82 147.19 43.23 252.41 76.52 0.316 3.331
L5 4120 1020 82 332.27 101.78 479.25 148.28 0.316 3.331
L6 4121 118 170 490.09 151.71 595.31 184.99 0.316 3.330
L7 4118 22 7 227.06 68.50 332.27 101.78 0.316 3.331
L1 6959 22 7 125.53 92.65 303.73 222.87 0.731 0.925
L3 6960 22 7 348.28 255.43 437.38 320.53 0.731 0.925
L2 4483 118 170 250.00 183.61 339.10 248.72 0.731 0.924
Figure 9 Snapshot of DXF ﬁle contains overlapped arcs and
circles with different properties.
Table 3 Extracted properties of original arc and circle entities.
Handle Line type Color X center Y center Radius Sinsh start angle Sinsh end angle
A3_1 3560 22 7 346.604 125.036 180.93 0 0.1681281
A2 4504 22 1 346.604 125.036 180.93 0 1.0307645
A3_2 4535 22 2 346.604 125.036 180.93 0.79958248 2.4680598
A1 5480 22 7 346.604 125.036 180.93 32.489071 80.163033
A4 3560 22 7 346.604 125.036 180.93 128.3047 267.7449
A7_1 4922 22 7 346.604 125.036 260.51 0 2.909045
A7_2 4922 22 7 346.604 125.036 260.51 204.84378 267.7449
A6 5715 118 170 346.604 125.036 223.03 16.387388 68.622551
A5 4568 118 170 346.604 125.036 223.03 47.455059 198.56577
C1 5674 22 7 346.604 125.036 260.51
C2 5676 22 7 346.604 125.036 260.51
C3 5675 118 170 346.604 125.036 260.51
Figure 10 Snapshot of DXF ﬁle contains reduced arcs and
circles with predetermined properties.
856 M.R.A. Atiadifferent types. The dashed line parts, which overlapped with
continuous lines, are merged in these lines. This because
dashed lines are interpreted as hidden drawing entities. Every
line type is transferred to associative layer to reduce the num-
ber of active layers.
The algorithm of line overlapping determination is based
on two conditions. The ﬁrst one is the two lines are coaxial,
which means that they have the same slope and intersection
value with Y axis. The second is at least one end point X coor-
dinate of a line is in between the X coordinate of end points of
the other coaxial line. In this case, the two lines are eliminated
and a single new line is generated. The new line starts from theend point with smallest X coordinate and ends at the end point
with largest X coordinate.
To apply this algorithm, the ENTITIES section of the DXF
ﬁle is scanned to get information of line entities. For every line,
handle, line type and end points X and Y coordinates are
extracted. From the end points coordinates, the line slope
and its intersection value with Y axis are calculated. A matrix
is generated. Every matrix raw contains line type code, line
slope, Y axis intersection value and end points coordinates.
Then, previous rules are used to eliminate the overlapped lines.
Fig. 2 shows the ﬂowchart of overlapping elimination algo-
rithm of line type entities.
Table 4 Extracted properties of reduced arc and circle entities.
Handle Line type Color X center Y center Radius Sinsh start angle Sinsh end angle
A1 3560 22 7 346.604 125.036 180.93 128.30478 2.4680614
A2 5480 22 7 346.604 125.036 180.93 32.48909 80.163017
A3 5715 118 170 346.604 125.036 223.03 16.387386 198.56564
C1 5674 22 7 346.604 125.036 260.51
C2 5675 118 170 346.604 125.036 260.51
Statue CG
Statue + Base + Basket CG
Basket CG
Base CG
Statue + Base + Basket CG
10
85
21
25
16
00
26
8529
40
45
0
14
15
20
50
70
0
1029010160
51
00
1200
Statue + Base + Basket CG
21
25
3190
4905
885
300
18
55 25
5 1
33
50
22250
10
40
 2  3
 6
16
15
20
0
0.0
22250
13740
33150
45
00
30
00
8000
35
20
3530 243080
5
3630
1200
1270012700
9000
69
70
39
90
41
1
44
00
51
30
11771185
New CG
575
499
202142
3520 17601760
65
65
13740
17
60
13740
17
60
AXE 3 AXE C
1782
207 261
3220
1912367
Figure 11 Ramses II statue transporter drawing.
Figure 12 Results of reducing the Ramses II statue transporter drawing.
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Figure 13 Fiber optics winding machine 3D model.
858 M.R.A. Atia4.3. Circle type entity
Circle entity is deﬁned by center point X and Y coordinates
and radius length. Circle line type is treated as explained in line
entity section. The circle entities are extracted from the DXF
ﬁle and a matrix is generated. The matrix row contains handle,
circle line type, X and Y coordinates and radius. The matrix isFigure 14 Fiber optics winding msorted by X then Y coordinates and then radius. If the two cir-
cle entities have the same X and Y coordinates and radius, then
the second one is eliminated. Fig. 3 shows the ﬂowchart of
overlapping elimination algorithm of circle type entities.
4.4. Arc type entity
Arc entity is deﬁned by center point coordinates, radius, start
angle and end angle. The arc is generated in the counter clock-
wise direction. The arcs, which pass the 0 angle, represent a
difﬁculty when their connectivity with other arcs is checked.
Therefore, these arcs are disconnected to two arcs; one start
at 0 and the other end at 360. The arc deﬁnition matrix is
generated based on information extracted from the ENTITY
section in the DXF ﬁle and according to the previous rule
some arcs are divided into two arcs. Each raw contains infor-
mation deﬁnes an arc entity. This information includes handle,
line type, center point X and Y coordinates, radius length, start
angle and end angle. The matrix is sorted using the same order.
As the ﬁrst step, the arc matrix is compared with circle
matrix. If an arc and a circle have the same line type and center
point coordinates, the arc is eliminated from the arc matrix.
In the next step, the arcs are checked and arc line type is
treated as explained in line entity section. Two arcs are con-
nected if they have the same center point and radius and share
fully or partially the same range of angle. Angle 0 and 360achine draft in DXF format.
Figure 15 Results of reducing the ﬁber optics winding machine draft.
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elimination algorithm of arc type entities.
5. Software
The presented algorithms are encapsulated in a specially devel-
oped software program. The MATLAB package is used as
platform to develop this software program. The program con-
tains two main modules. The ﬁrst one is the user interface,
which is shown in Fig. 5. The second one is script ﬁle, which
contains the developed algorithms in the form of programing
code. The user inputs the original DXF ﬁle name and the
reduced DXF ﬁle name then start the program. The program
generates a reduced DXF ﬁle. It shows the original and
reduced ﬁle sizes and the reduction ratio. The reduction ratio
is the percentage ratio between the reduced ﬁle size and the ori-
ginal ﬁle size. This reduction ratio is used as a proof for soft-
ware efﬁciency with large DXF ﬁles.
The program code is arranged in successive sectors. The
Fig. 6 shows the ﬂow chart of the developed software. In the
ﬁrst sector, the targeted DXF ﬁle is opened and the reduced
DXF ﬁle is allocated. Then, all lines from the targeted one is
copied to the reduced one, line by line, till the TABLE section
is reached. In this section, the layers’ group data are replaced
by predeﬁned data, which describe continuous, center line and
dashed line layers. After that, the line copying from the tar-
geted ﬁle to reduced one continues until the ENTITY section
is reached. In this section, the eliminating algorithms are
implemented on POINT, LINE, CIRCLE and ARC entities.
The reduced matrices are used to generate the new entities in
the reduced DXF ﬁle. Then, The copying of text lines contin-
ues from original ﬁle to reduced ﬁle until the end of ﬁle is
reached.
6. Test results
6.1. Testing of algorithms
The developed program was tested in two levels. The ﬁrst test
level focused on testing each individual algorithm to show its
ability to discover and eliminate the targeted entity. This test
is assigned to specially prepared DXF ﬁle for each entity;
POINT, LINE, CIRCLE and ARC.
For example, Fig. 7 shows a snap shot for a DXF ﬁle,
which contains overlapped lines with different line types and
colors. The properties of the lines are shown in Table 1. Theﬁle was treated using the developed software. A snapshot for
the reduced DXF ﬁle is shown in Fig. 8, and the new drawing
entities are shown in Table 2. The number of line entities is
reduced from 12 to 7. Moreover, the number of used line types,
colors and layers are reduced to the predetermined ones.
Another example, Fig. 9 shows a snap shot for a DXF ﬁle,
which contains overlapped circles and arcs with different line
types and colors. The properties of the circles and arcs are
shown in Table 3. The ﬁle was treated using the developed soft-
ware. A snapshot for the reduced DXF ﬁle is shown in Fig. 10,
and the new drawing entities are shown in Table 4. The num-
ber of circle entities is reduced from 3 to 2 and the numbers of
arc entities is reduced from 7 to 3.
The tests show successful elimination for the overlapped
entities in all tested ﬁles. Therefore, the developed algorithms
are successful in accomplishment their functions.
6.2. Testing of software
The second test level targeted industrial developed DXF ﬁles.
All the tested ﬁles were developed by the author during indus-
trial projects. The program performance indicator is calculated
as the percentage of reduction ratio of the reduced ﬁle relative
to the original ﬁle. This indicator shows that the developed
program can affect the ﬁle size and reduce the overlapped
entities.
Two examples are shown in the current paper. The ﬁrst
example shows Ramses II statue transporter Fig. 11. This ﬁle
was developed using AUTOCAD package. The original ﬁle
size is 6229.5 kB. The applying of the developed program gen-
erates a new reduced ﬁle with size of 4213 kB and then the
reduction ratio is 67.6% Fig. 12. The second example shows
a ﬁber optics winding machine, which was developed as a
3D model using SOLIDEDGE package Fig. 13. Then, it was
exported as DXF ﬁle for more processing Fig. 14. The DXF
ﬁle size is 1175.8 kB. Using the developed program reduces
the new ﬁle size to 863.8 kB and the reduction ratio is
73.5%, Fig. 15.
7. Conclusion
The present research is a step toward enhancing ﬁle manipula-
tion in CAD/CAM systems. It focuses on 2D drawings in
DXF ﬁle format. The developed algorithms reduce the ﬁle size
through elimination of overlapping entities; POINT, LINE,
CIRCLE and ARC. Moreover, it uniﬁes the entities format
860 M.R.A. Atiain predeﬁned ones and reduces the number of used layers. The
algorithms are explained in details. A computer program is
established to apply the developed algorithms. The computer
program was tested using specially prepared ﬁles for every
entity type. These tests show success in eliminating the overlap-
ping entities in different arrangements and formats. Then, the
program was applied to real industrial drawings, in which two
of them are presented. The results show that the overlapping
entities are eliminated and the reduced ﬁle size is in order of
70% of the original ﬁle size. The developed program shows
success in enhancing the quality of DXF ﬁle and reducing its
size. In the future, more entities can be processed and more
efﬁcient algorithms for sorting and elimination can be used.
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